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ABSTRACT 



Single substrate device is formed to have an image acqui- 
sition device and a controller. The controller on the substrate 
controls the system operation. 
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SINGLE SUBSTRATE CAMERA DEVICE WITH 
CMOS IMAGE SENSOR 

CROSS-REFERENCE TO RELATED 
APPUCAnONS 

[0001] This application is a divisional of U.S. application 
Ser. No. 09/120,856, filed M. 21, 1998, which is a continu- 
ation of U.S. application Ser. No. 08/188,032, filed Jan. 28, 
1994, and a continuation of U.S. application Ser. No, 
08/789,608, filed Jan. 24, 1997, and claims priority to U.S. 
provisional application serial No. 60/010,678, filed Jan. 26, 
1996. The disclosure of the prior applications is considered 
part of (and is incorporated by reference in) the disclosure of 
this application. 

ORIGIN 

[0002] The invention described herein was made in per- 
formance of work under NASA contract and is subject to the 
provisions of Public Law 96-5 17 (35 USC 202) in which the 
contractor has elected to retain title. 

HELD OF THE INVENTION 

[0003] The present invention relates to a single chip 
imaging sensor. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0004] Imaging technology is the science of converting an 
image to a signal indicative thereof. Imaging systems have 
broad applications in many fields, including commercial, 
consumer, industrial, medical, defense and scientific mar- 
kets. 

[0005] The original image sensors included an array of 
photosensitive elements in series with switching elements. 
Each photosensitive element received an image of a portion 
of the scene being imaged. That portion is called a picture 
element or pixel. The image obtaining elements produce an 
electrical signal indicative of the image plus a noise com- 
ponent. Various techniques have been used in the art to 
minimize the noise, to thereby produce an output signal that 
closely follows the image. 

[0006] Size minimization is also important. The develop- 
ment of the solid state charge coupled device ("CCD") in the 
early 1 970's led to more compact image systems. CCDs use 
a process of repeated lateral transfer of charge in an MOS 
electrode-based analog shift register. Photo-generated signal 
electrons are read after they are shifted into appropriate 
positions. However, the shifting process requires high fidel- 
ity and low loss. A specialized semiconductor fabrication 
process was used to obtain these characteristics, 

[0007] CCDs are mostly capacitive devices and hence 
dissipate very little power. The major power dissipation in a 
CCD system is from the support electronics. One reason for 
this problem is because of the realities of forming a CCD 
system. 

[0008] The specialized semiconductor fabrication process 
alluded to above is not generally CMOS compatible. Hence, 
the support circuitry for such a CCD has been formed using 
control electronics whidi were not generally CMOS com- 
patible. The control electronics have dissipated an inordinate 
percentage of the power in such imaging devices. For 



example, CCD -based camcorder imaging systems typically 
operate for an hour on an 1800 mA-hr 6 V NiCad rediargc- 
able battery, corresponding to 10.8 W of power consump- 
tion. Approximately 8 watts of this is dissipated in the 
imaging system. The rest is used by the tape recording 
system, display, and autofocus servos. 

[0009] Space-based imaging systems often have similar 
problems. The space based systems operate at lower pixel 
rates, but with a lower degree of integration, and typically 
dissipate 20 watts or more, 

[0010] The CCD has many characteristics which cause it 
to act like a chip-sized MOS capacitor. The large capacitance 
of the MOS device, for example, requires large clock 
swings, Av, of the order of 5-15 V to achieve high charge 
transfer efficiency. The clock drive electronics dissipation is 
proportional to CAV^f, and hence becomes large. In addi- 
tion, the need for various CCD clocking voltages (e.g. 7 or 
more different voltage levels) leads to numerous power 
supplies with their attendant inefficiencies in conversion. 

[0011] Signal chain electronics that perform correlated 
double sampling ("CDS") for noise reduction and amplifi- 
cation, and especially analog to digital converters (ADC), 
also dissipate significant power. 

[0012] The inventors also noted other inefficiencies in 
imaging systems. These inefficiencies included fill factor 
inefficiencies, fixed pattern noise, clock pick up, temporal 
noise and large pixel size. 

[0013] Active pixel sensors, such as described in U.S. Pat. 
No. 5,471,515, the disclosure of which is incorporated by 
reference herein, use special techniques to integrate both the 
photodetector and the readout ampMer into the pixel area or 
adjacent the pixel area. This allows the signal indicative of 
the pixel to be read out directly. These techniques have 
enabled use of a logic family whose fabrication processes 
are compatible with CMOS. This has enabled the controlling 
circuitry to be made from CMOS or some other low power- 
dissipating logic family. 

[0014] The inventors of the present invention have recog- 
nized techniques and special efficiencies that are obtained by 
specialized support electronics that are integrated onto the 
same substrate as the photosensitive element. Aspects of the 
present invention include integration, timing, control elec- 
tronics, signal chain electronics, A/D conversion, and other 
important control systems integrated on the same substrate 
as the photosensitive element. 

[0015] It is hence an object of the present invention to 
provide for the integration of an entire imaging system on a 
chip, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 shows a basic block diagram of a CMOS 
active pixel circuit; 

[0017] FIG. 2 shows a graph of typical APS quantum 
efficiency; 

[0018] FIG. 3 shows the block diagram of the overall chip 
including drivers and controlling structures; 

[0019] FIGS. 4A and 4B show the timing diagrams for 
photogate operation and photodiode operation, respectively; 
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[0020] FIG. 5 shows a schematic of the active pixel sensor 
unit cell and readout circuitry; 

[0021] FIG. 6 shows a timing diagram for setup and 
readout; 

[0022] FIG. 7 shows a drawing of an actual layout of the 
pixel and control circuitry; 

[0023] FIG. 8 shows a block diagram of a CMOS APS 
chip; and 

[0024] FIG. 9 shows an exemplary pixel layout. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENfTS 

[0025] An active pixel sensor is herewith described with 
reference to FIGS. 1-4. 

[0026] A block diagram of a CMOS active pixel circuit is 
shown in FIG. 1. The device has a pixel circuit 150, and a 
columo circuit 155. 

[0027] Incident photons pass through the photogate 
("PG") 100 in the pixel circuit 150 and generate electrons 
which are integrated and stored under PC 100. A number of 
the pixel circuits are arranged in each row of the circuit. Oae 
of the rows is selected for readout by enabling the row 
selection transistor 102 ("RS'*). 

[0028] In the preferred embodiment, the floating diffusion 
output no de 104jf"EI)'') is first res et by pulsing_jcget 
tr^sjstoJ-KSjrj ^ The resultant ^ It^gp. nn F D 104 is 
read'ouCSomll Ee^ pixel circuitry onto the column |pus 112 
using the source follower 110 w ithin the pbceL The voltage 
•onTtfie column bus I12^Is^ampled onto a first holding 
capacitor 114 by pulsing t ransi'^^ O'- llA-Thic initial 

charge is used as the baseline. 

[0029] The sipnal charge is then transferred, to FD 104 by 
pulsing PG 100 low. ine voltage on t^'D lft4 drops in 
proportion to the number of photoelectrons and the capaci- 
tance of FD. The new voltage on the colun M ^bus 112 is 
sampled onto a second cap:acitarlt8'by'puSng"SIIR l2bT^ 
miraEerent^^ 
and^;;^coas0^^cilat«ll^ 

number of .n hoiQglegtrpns^that^were^allpT^ed_to enter the 
floating diffusi oo. 

[0030] The capacitors 114, 118 are preferably 1-4 pf 
capacitors. 

[0031] All pixels on a selected row are processed simul- 
taneously and sampled onto capacitor at the bottom of their 
respective columns. The column-parallel sampling process 
typicaUy takes 1-10 /isec, and preferably occurs during the 
so-called horizontal blanking interval of a video image. 

[0032] Eadi column is successively selected for read-out 
by turning on column selection p-chaimel transistors ("CS") 
130. The p-channel source-followers 122, 124 in the column 
respectively drive the signal (SIG) and horizontal reset 
(RST^ bus hnes. These lines are loaded by p-channel load 
transistors which can be sent directly to a pad for off-chip 
drive, or can be buffered. 

[0033] Noise in the sensor is preferably suppressed by the 
above-described correlated double sampling ("CDS=38 ) 
between Jhe^pixel output just af ter r esct,'^bcfore and aftcr"^ 
f signgjharge ^tr^nsfeFto^ro js^escribed above jhe CDS ' 



suppresses kTC noise from pixel reset, suppresses 1/f noise 
from the in-pixel source follower, and suppresses fixed 
pattern noise (FPN) originating firom pixel-to-pixel variation 
in source follower threshold voltage. 

[0034] The inventors found, however, thatJ^C|iaisejiia.y^ 
be reinh^oducedby sa mpling the ji^ aLootojhe,capacitors^ 
lT4rH 8"a t"thrbo ttom oQhe^column. Typical output noise 
measured m tMJS APS arrays is of the order of 140-170 
juV/e-, corresponding to noise of the order of 13-25 elec- 
trons r.m.s. This is similar to noise obtained in most com- 
mercial CCDs, through scientific CCDs have been reported 
with read noise in the 3-5 electrons rms. 

[0035] Typical biasing for each column's source-follower 
is 10 ^ This permits charging of the sampling capacitors 
in the allotted time. The source -followers can then be tumed 
off by cutting the voltage on each load transistor. 

[0036] The sampling average power dissipation P, corre- 
sponds to : 

[0037] where n is number of columns, I is the load 
transistor bias, V is the supply voltage, and d is the duty 
cycle. Using n=512, 1=/4A, V=5V and d=10%, a value for Ps 
of 2.5 mW is obtained. 

[0038] A load current of 1 mA or more is needed to drive 
the horizontal bus lines at the video scan rate. The power, 
dissipated is typically 5 mW. 

[0039] Quantum efiGciency measured in this CMOS APS 
array is similar to that for interline CCDs. Atypical response 
curve is shown in FIG. 2. The inventors noticed from this 
that the quantum efficiency reflects significant responsivity 
in the "dead" part of the pixel; the part containing the 
readout circuitry rather than the photogate collector. The 
responsiveness was measured by intra-pixel laser spot scan- 
ning. 

[0040] The inventors postulate the following reason. The 
transistor gate arid channel absorb photons with short 
absorption lengths (i.e. blue/green). However, longer wave- 
length photons penetrate through these regions. The subse- 
quently-generated carriers diffuse laterally and are subse- 
quently collected by the photogate. 

[0041] Thus, despite a fill factor of 25%-30%, the CMOS 
APS achieves quantum efficiencies that peak between 30%- 
35% in the red and near infrared. Microlenscs are preferably 
added to refract photoelectrons from the dead part to a Uve 
part and hence improve quantum efficiency. 

[0042] An important feature of the system described 
herein is the integration of on-chip timing and control 
circuits within the same substrate that houses the pixel array 
and the signal chain electronics. A block diagram of the chip 
architecture is shown in FIG, 3. 

[0043] The analog outputs VS_out (signal) and VR_out 
(reset) are as described above. The digital outputs include 
FRAME and READ. Most of the inputs to the chip are 
asynchronous digital signals, as described herein. 

[0044] The diip includes a pixel array 300, which is driven 
by on-chip electronics. Timing and control circuit 302 drives 
row electronics 310, and column electronics 320. 
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[0045] The control circuits can command read-out of any 
area of interest within the array. Row decoder 312 controls 
row drivers 314 which can select a certain row for readout. 
A specific row is selected by entry of a row value 316 which 
is output from timing and control 302. Row value 316 is 
stored in latch 318 which drives counter 319. Counter 319 
can allow selection of subsequent rows that follow the 
current row. Similarly, columns can be selected and accessed 
by latches 322, counter 324, decoder 326 and column signal 
conditioning 328. 

[0046] Each of the decoder counters can be preset to start 
and stop at any value that has been loaded into the chip via 
the 8 -bit data bus 330. Therefore, as described above, 
selection of a row commands pixels in that row to be 
transferred to the appropriate row decoding elements, e.g., 
capacitors. Preferably there is one capacitor associated with 
each column. This provides for the sequential readout of 
rows using the column. The capacitors are preferably 
included within the column signal conditioner 328. Column 
decoders 326 also allow selection of only a certain column 
to be read. There are two parts of each column selection: 
where to start reading, and where to stop reading. Preferably 
the operation is carried out using counters and registers. A 
binary up-counter within the decoder 326 is preset to the 
start value. A preset number of rows is used by loading the 
2*s compliment. The up counter then counts up until an 
overflow, 

[0047] An altemate loading command is provided nsing 
the DEFAULT LOAD input line 332. Activation of this line 
forces all counters to a readout window of 128x128. 

[0048] A programmable integratio n time is set by adjust- 
i ng Ae delay betWeen Jbe en^^ 

ning of thej^S CIffils parameter is set by loading a 32-bit 
latch via the input data bus 330. A 32-bit counter operates 
from one -fourth the clock input frequency and is preset at 
each frame from the latch. The counter can hence provide 
vary large integration delays. The input clock can be any 
frequency up to about 10 MHZ. The pixel readout rate is tied 
to one-fourth the clock rate. Thus, frame rate is determined 
by the clock frequency, the window settings, and the delay 
integration time. The integration time is therefore equal to 
the delay time and the readout lime for a 2.5 MHZ clock. 
The maximimi delay time is 2^^/2.5 MHZ, or around 28 
minutes. These values therefore easily allow obtaining a 30 
Hz frame. 

[0049] The timing and control circuit controls the phase 
generation to generate the sequences for accessing the rows. 
The sequences must occur in a specified order. However, 
different sequences are used for different modes of opera- 
tion. The system is sa lectablcJietweenthcphotodiodejaode^ 
of opcradon an jJlig^ pholpg ate mpHe^ot oncration^J Che, 
TimipfljdiagiajmsihL Xhe tWQ_ gaies-ate r espe c^vjel it»&bo\wEuiB> 
F]IQ S. 4fl and 4/?. FIG. 4 fl shows an op ^erati oi ^^ 

phol adiode^ ^^odc. These different timing diagrams show that 
different column operations are possible. Conceptually this 
is done as follows. Column fixed pattern noise is based on 
differences in soiuce , follower thresholds between the dif- 
ferent transistors. For example, if the base bias on a tran- 
sistor is VI, the output is VI plus the threshold. 

[0050] The column signal conditioning circxdtry contains 
a double-delta sampling fixed pattern noise ("FPN") sup- 



pression stage that reduces FPN to below 0.2% sat with a 
random distribution. Since the APS is formed of a logic 
family that is compatible with CMOS, e.g., NMOS, the 
circuitry can be formed of CMOS. This aflows power 
dissipation in the timing and control digital circuitry to be 
minimized and to scale with clock rate. 

[0051] An active pixel sensor includes both a photodetec- 
tor and the readout amplifier integrated within the same 
substrate as the light collecting device, e.g., the photodiode. 
The readout amplifier is preferably within and/or associated 
with a pixel. 

[0052] A first embodiment of the present invention is a 
128 xl28 CMOS photodiode type active pixel sensor that 
includes on chip timing, control and signal train electronics. 
A more detailed drawing of the chip is shown in FIG. 5. 
Asynchronous digital signals are converted by this chip to 
VS and VR analog outputs which are used to run the chip. 

[0053] Pixel portion 500 includes a photodiode 502 which 
stores incident photons under photogate 504. The photons 
are integrated as electrons within the photogate well. The 
output is buffered by follower 508. 

[0054] The rows are arranged into an array. A particular 
row is selected by the row transistor 514. Tliis allows the 
information from within the selected pixel 500 to be passed 
to the column decoder circuitry. Reset transistor 530 is 
connected to a sink 532. Reset transistor is biased to a low 
potential level to allow all charge to bleed to sink 532, and 
hence hold the stored charge in reset. The system is removed 
from reset by biasing the gate to a level as shown. This level 
is less than a highest possible potential to thereby allow 
charge which accumulates above that level to pass to sink 
532. Hence, the charge cannot overflow in an undesircd way. 
This suppresses the blooming effect. 

[0055] The depicted photogate system is driven according 
to the readout sequence shown in FIG. 6. A row is selected 
by activating row selecting transistor 514. The cycle begins 
by sampling the signal present on each column pixel in that 
row. Sampling is initiated by biasing transistor 526 to place 
the signal from each colimin pixel in the row onto the 
holding capacitor 510. 

[0056] After the current pixel value has been transferred to 
the capacitor 510, the pixel in the row is reset by biasing 
reset transistor to a low level, to photodiode 502 to the preset 
voltage sink 532. 

[0057] Correlated double sampling is effected by sampling 
the reset value, as a reset level, onto the holding capacitor 
512. This is done by activating the reset transistor 516. 

[0058] The voltage value of the reset branch of the column 
circuit is given by 

Vco;_j{«p{a[yp^-v^i^l-v„^j 

[0059] Where a is the gain of the pixel source follower 
508, p is the gain of the column source follower 526, and 
V^ is the voltage on the photodiode after reset, V^^^ is the 
threshold voltage of the pixel source foUower and channel 
transistor, and V^^j, is the threshold voltage of the column 
source follower p-channel transistor. 

[0060] Using similar reasoning, the output voltage of the 
signal branch of the oolimm circuit is 
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[0061] where Vp^ is the voltage on the photodiode with 
the signal charge present and V^^i^ is the threshold voltage 
of the column source-follower p-channel transistor. 

[0062] The inventors have found experimentally that the 
peak-to-peak variation ^tcou-vtcou ^ typically between 10 
and 20 millivolts. This, however, is a source of column to 
column fixed pattem noise. The inventors herein suggest a 
double delta sampling technique to eliminate this column to 
column noise. The present approach represents an improved 
version of the previously-described double delta sampling 
circuitry. The operation proceeds as follows. A column is 
first selected. After a settling time eqtiivalent to half of the 
column selection period, a special double delta sampling 
technique is performed to remove the coltunn fixed pattern 
noise. Therefore, the varying thresholds on the different 
transistors cause varying outputs. According to this aspect, 
the threshold outputs of these transistors are equalized using 
a capacitor to equalize the charge. The capacitor is applied 
with the charge before and after the voltage change. There- 
fore, the output of the capacitor represents the difference 
between before and after, and the fixed pattern noise com- 
ponent drops out of the equation. 

[0063] This system uses a DDS switch 520 and first and 
second column select switches 522, 524 to short across the 
respective capacitors. Ail three switches are turned on to 
short across the two sample and hold capacitors 510. This 
clamp operation is shown in line 8 of FIG. 6. 

[0064] Prior to the DDS operation, the reset and signal 
coltmao components, Vcol_R and Vcol_S include their sig- 
nal values plus a source follower voltage threshold compo- 
nent from the appropriate source follower. The object of the 
special following circuit of the present invention is to 
remove that source follower threshold component. The 
operation proceeds as follows. Prior to the beginning of 
some operation, the capacitors are precharged through 
clamp transistors to a clamp voltage V^.,, This is maintained 
by turning on clamp transistors 550 and 552 to connect the 
appropriate capacitors to the voltage V^. The clamp opera- 
tion is shown on line 8 of FIG. 6. Immediately after the 
clamp is released, the DDS transistors 520, 522 and 524 are 
turned on. This has the effect of shorting across the capaci- 
tors 510 and 512. When the transistors are shorted, the 
voltage that is applied to the output drivers 554, 556 includes 
only the voltage threshold component. The differential 
amplification of the voltage render the output voltage free of 
the voltage threshold component. Mathematically, prior to 
clamp being deactivated the output signals are: 

and VS_OUT~Y (V^VJ 

[0065] where Y is the gain of the third stage source- 
follower, is the clamp voltage, and V^, and are the 
threshold voltages of the third stage source-follower n-chan- 
nel transistors, reset and signal branch respectively. Deac- 
tivation of the clamp circuit and simultaneous activation of 
the DDS switch causes several dianges. The voltages in the 
two column brandi sampling circuits equalize becoming: 



[0066] This in turn causes a diange in Vcol_S and Vcol_R 
to: 

and Vcol^'~^{o[Vj^-V^^^V^.V,^-V,^^ 

[0067] Consequently, the voltage outputs change to: 

and VS_OUTmY {V^-Vcoi_S'-Vcol_S -VJ 

[0068] We note 

and Vcol_Ji''VcolUi''H°[Vi^-^pM 

[0069] When the outputs are differentially amplified off- 
chip, the common clamp voltage Vcl is removed, leaving 
only the difference between signal and reset. The net dif- 
ferential output voltage is given by: 

[0070] FIG. 7 shows the layout of the pixel for 128x128 
array size device. This system formed a 19.2 micron pixel 
size using 1.2 fmi n-well CMOS. The maximum clock rate 
is 10 MHZ, the maximum pixel rate is 2.5 MHZ and 
maximimi integration delay is 1.6x109 clock periods. 

[0071] A second embodiment uses similar design tech- 
niques to produce a 256x256 array size. This embodiment 
also uses a pixel with a photogate imaging element along 
with four transistors to perform the functions of readout, 
selection, and reset. Readout is preferably achieved using a 
column parallel architecture which is mtUtiplexed one row at 
a time and then one column at a time through an on-chip 
amplifier/buffer. An important part of this embodiment, like 
the first embodiment, is the tise of a chip common logic 
elements to control row and address decoders and delay 
counters. 

[0072] This embodiment allows use in three modes of 
operation: Photogate mode, photodiode mode and differenc- 
ing mode. The photogate mode is the standard mode for this 
chip. The photodiode mode alters the readout timing to be 
similar to that for photodiode operation. The differencing 
mode alters the readout timing in such a way that the value 
of each pixel output is the difference between the current 
frame and the previous frame. The chip inputs that are 
required are a single +5 V power supply, start command, and 
parallel data load commands for defining integration time 
and windowing parameters. The output has two differential 
analog channels. 

[0073] The second embodiment uses the block diagram of 
the chip architecture shown in FIG. 8. The analog outputs of 
VS_OUT (signal) and VR_OUT (reset), and digital outputs 
of FRAME and READ. The inputs to the chip are asynchro- 
nous digital signals. The chip includes addressing circuitry 
allowing readout of any area of interest within the 256x256 
array. The decoder includes coimters that are preset to start 
and stop at any value that has been loaded into the chip via 
the 8-bit data bus. An alternate loading command is provided 
using the DEFAULT input line. Activation of this line forces 
all counters to a readout window of 256x256. 

[0074] A programmable integration time is set by adjust- 
ing the delay between the end of one frame and the begin- 
ning of the next. This parameter is set by loading a 32-bit 
latch via the input data bus. A 32-bit counter operates from 
one-fotirlh the clock input frequency and is preset at each 
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frame from the latch. This counter allows forming very large 
integration delays. The input clock can be any frequency up 
to about 10-MHZ. The pixel readout rate is lied to one fourth 
the clock rate. Thus, frame rate is determined by the clock 
frequency, the window settings, and the delay integration 
time. A 30 HZ frame rate can be achieved without difficulty. 

[0075] The chip is idle when the RUN command is 
deactivated. This is the recommended time for setting the 
operating parameters. However, these parameters can be set 
at any time because of the asynchronous nature of operation. 
When RUN is activated, the chip begins continuous readout 
of frames based on the parameters loaded in the control 
registers. When RUN is deactivated, the frame in progress 
runs to completion and then stops. 

[0076] The 256x256 CMOS APS uses a system having a 
similar block diagram to those described previously. The 
pixel unit cell has a photogate (PG), a source -follower input 
transistor, a row selection transistor and a reset transistor. A 
load transistor VLN and two output branches to store the 
reset and signal levels are located at the bottom of each 
column of pixels. Each branch has a sample and hold 
capacitor (CS or CR) with a sampling switch (SHS or SHR) 
and a source-follower with a column-selection switch 
(COL). The reset and signal levels are read out dififerentially, 
allowing correlated double sampling to suppress 1/f noise 
and fixed pattern noise (not kTC noise) from the pixel. 

[0077] A double delta sampling (DOS) circuit shorts the 
sampled signals during the readout cycle reducing column 
fixed pattern noise. These readout circuits are common to an 
entire column of pixels. The load transistors of the second 
set of source followers (VLP) and the subsequent clamp 
circuits and output source followers are common to the 
entire array. After a row has been selected, each pixel is reset 
(RESET) and the reset value is sampled (SHR) onto the 
holding capacitor CR. Next, the charge nnder each photo- 
gate in the row is transferred to the floating diffusion (FD). 
This is followed by sampling this level (SHS) onto holding 
capacitor CS. These signals are then placed on the output 
data bus by the colimin select circuitry, la the Photodiode 
mode this process, is reversed; first the charge tinder the 
photogate is read out and then the reset level is sampled. 
This non-correlated double sampUng mode would be pri- 
marily used with a photodiode, i.e., non active pixel sensor, 
pixel. 

[0078] In the differencing mode, the capacitors CS and CR 
are used to store the signal from the previous frame and the 
current frame. This is achieved by altering the timing in the 
following way: Rather than starting with a reset operation, 
the signal on the floating diffusion is read out to one of the 
sample and hold capacitors. This represents the previous 
pixel value. The reset is then performed foUowed by a 
normal read operation. This value is then stored on the other 
sample and hold capacitor. The difference between these two 
signals is now the frame to frame difference. 

[0079] A simplified expression for the output of the reset 
branch of the column circuit is given by: 

[0080] where a is the gain of the pixel source-follower, p 
is the gain of the column source-foUower, Vr is the voltage 
on the floating diffusion after reset, Vjpi^, is the threshold 
voltage of the pixel source -follower n-channel transistor, 



and VusoiT is the threshold voltage of the column source- 
follower p-channcl transistor. Similarly, the output voltage 
of the signal branch of the column circuit is given by: 

[0081] where is the voltage on the floating diffusion 
with the signal charge present and Vj^j^ is the threshold 
voltage of the column source-foUower p-channel transistor. 
Experimentally, the peak to peak variation in V^^ij-V^^ is 
typically 10-20 mV. It is desirable to remove this source of 
coltmin-to-column fixed pattern noise FPN. JPL has previ- 
ously developed a double delta sampling (DOS) technique to 
eliminate the columo-to-column FPN. This approach repre- 
sented an improved version of the DOS circuitry. 

[0082] Sequential readout of each column is as follows. 
First a column is selected. After a settling time equivalent to 
one-half the column selection period, the DDS is performed 
to remove column fixed pattern noise. In this operation, a 
DDS switch and two column selection switches on either 
side are used to short the two sample and hold capacitors CS 
and CR. Prior to the DDS operation the reset and signal 
outputs (Vcol_R and VCOL_S) contain their respective 
signal values plus a source foUower voltage threshold com- 
ponent. The DDS switch is activated immediately after 
CLAMP is turned off. The result is a difference voltage 
coupled to the output drivers (VR_OUT and VS_OUT) that 
is free of the voltage threshold component. 

[0083] This chip uses a similar pixel cell to that shown in 
FIG, 5, FIG. 9 shows the layout of the pixel cell. PG and 
RESET are routed horizontally in polysilicon while the pixel 
output is routed vertically in metall. Metal2 was routed 
within the pixel for row selection. Metal2 was also used as 
a light shield and covers most of the active area outside of 
the pixel array. The designed fill factor of the pixel is 
approximately 21%. 

[0084] According to another feature, a logo can be formed 
on the acquired image by using a light blocking metal light 
shield. The hght shield is formed to cover certain pixels in 
the shape of the logo to be applied. This blocks out those 
underlying pixels in the array, thereby forming a logo in the 
shape of the blocked pixels. 

[0085] The output saturation level of the sensor is 800 mv 
when operated from a 5 V supply. Saturation is determined 
by the difference between the reset level on the floating 
diffusion node (e.g. 3 V) and the minimum voltage allowed 
on the pixel source follower gate (e.g. threshold voltage of 
approx. 0.8 volts). This corresponds to a full well of approxi- 
mately 75,000 electrons. This can be increased by operating 
at a larger supply voltage, gaining about 47,000 e- per 
supply volL 

[0086] Dark current was measured at less than 500 
pA/cm^. 

[0087] Conversion gain (aV/e-) was obtained per pixel by 
plotting the variance in pixel output as a function of mean 
signal for flat field exposure. The fixed pattern noise arising 
from dispersion in conversion gain was under 1% — similar 
to the value found in CCDs and consistent with the weU- 
controUed gain of a source-follower buffer. 

[0088] The quantum efficiency of the detector was mea- 
sured using a CVI V* m monochromator and a tungsten/ 
halogen light source, calibrated using a photodiode traceable 
to NIST standards. 
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What is claimed is: 

1. A single chip camera device, comprising: 

a substrate; 

an image acquisition portion and a control portion, both of 
which arc formed using a logic family that is compat- 
ible with CMOS and both integrated in said substrate; 

said image acquisition portion including an array of active 
pixel type photoreceptors integrated in said substrate, 
where each element of the array includes both a pho- 
toreceptor and a readout amplifier integrated within the 
same substrate as the photoreceptor, 

said control portion including a signal controlling device 
integrated in said substrate, controlling said photore- 
ceptors to output their signals, 

said control portion also including, integrated in said 
substrate, a timing circuit integrated within the same 
substrate that houses the array of photoreceptors, con- 
trolling a timing of operation of said array of photore- 
ceptors. 

2. A camera device as in claim 1 wherein said array of 
photoreceptors are controlled to output an entire row of said 
photoreceptors simultaneously. 

3. A camera device as in claim 1, wherein said photore- 
ceptors include photodiodcs. 

4. A camera device as in claim 1, wherein said photore- 
ceptors include photogates. 

5. A single chip camera device, comprising; 

a substrate, having integrated thereon an image acquisi- 
tion portion and a control portion, both of which are 
formed using a logic family that is compatible with 
CMOS; 

said image acquisition portion integrated in said substrate 
including an array of photoreceptors said control por- 
tion integrated in said substrate including a signal 
controlling device, controlling said photoreceptors to 
output their signals, in a way such that at least a 
plurality of said photoreceptors output their signals at 
substantially the same time, 

said control portion also including, integrated in said 
substrate, a timing circuit integrated within the same 
substrate that houses the array of photoreceptors, con- 
trolling a timing of operation of said array of photore- 
ceptors. 

6. A camera device as in claim 5, wherein said signal 
controlling device includes a column-parallel read out 
device, which reads out a row of said photoreceptors at 
substantially the same time. 

7. A camera device as in claim 5, wherein said signal 
controlling device includes a column selector allowing 
selection of a desired column for read out, and a row selector 
which allows selection of a desired row for read out. 

8. A camera device as in claim 5, wherein said array of 
photoreceptors includes an active pixel sensor, where each 
clement of the array includes both a photoreceptor and a 
readout amplifier integrated within the same substrate as the 
photoreceptor. 



9. A camera device as in claim 8, wherein said readout 
amplifier is preferably within and/or associated with one 
element of the array. 

10. A camera device as in claim 8, wherein said photo- 
receptors are photodiodes. 

U. A camera device as in claim 8, wherein said photo- 
receptors are photogates. 

12. A single chip camera device, comprising: 

a substrate, having integrated thereon an image acquisi- 
tion portion and a control portion, both of which are 
formed using a logic family that is compatible with 
CMOS; 

said image acquisition portion including an array of 
photoreceptors arranged in rows and columns; 

a charge storage element, associated with each said col- 
umn; 

said control portion including a signal controlling device, 
controlling said photoreceptors to output their signals, 
and a timing circuit integrated within the same sub- 
strate that houses the array of photoreceptors, control- 
ling a timing of operation of said array of photorecep- 
tors; 

said control portion including common logic elements to 
control all pixels on a selected row to sample said all 
pixels onto said charge storage elements substantially 
simultaneously. 

13. A device as in claim 12, wherein said logic elements 
control said pixels to first sample a reset level of each said 
row, and then to sample a charged level of said charge 
storage elements to produce information indicating a corre- 
lated signal indicative of a difference therebetween. 

14. A device as in claim 12, wherein said control portion 
includes a plurality of column selection p-chaonel transis- 
tors, respectively associated with each column, said transis- 
tors being turned on to sample a column. 

15. A device as in claim 12, wherein there is one of said 
charge storage elements associated with each of said col- 
umns. 

16. A device as in claim 12, wherein there are two of said 
charge storage elements associated with each of said col- 
umns, 

17. A camera device as in claim 12, wherein said array of 
photoreceptors includes an active pixel sensor, where each 
element of the array includes both a photoreceptor and a 
readout amplifier integrated within the same substrate as the 
photoreceptor. 

18. A camera device as in claim 17, wherein said readout 
amplifier is preferably within and/or associated with one 
element of the array. 

19. A camera device as in claim 17, wherein said photo- 
receptors are photodiodes. 

20. A camera device as in claim 17, wherein said photo- 
receptors are photogates. 

* « 4c * * 
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[57] ABSTRACT 

In order to modulate the sensitivity of a photosensitive 
device by modulating the integration time, a first read- 
ing of each line of a photosensitive zone of the device is 
followed by a second reading at an adjustable time 
interval. The charges resulting from the first reading 
operation are removed to the drain while the parasitic 
charges and the signal charges resulting from the sec- 
ond reading operation are transferred to the read regis- 
ter at the same time. Modulation of the time interval 
which elapses between two readings of one line is car- 
ried out by varying the time which elapses between the 
injection of one drive pulse into the two registers which 
control respectively the first reading and the second 
reading of the lines. 

8 Qaims, 3 Drawing Figures 
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DEVICE FOR MODULATING THE SENSITIVITY 
OF A LINE-TRANSFER PHOTOSENSITIVE 
DEVICE 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a device for modulat- 
ing the sensitivity of a line-transfer photosensitive de- 
vice. 

Photosensitive devices in which scanning is per- 
formed by line transfer are already known and have 
been described in particular in French patent Applica- 
tions No. 80 091 12 and No. 81 07672 filed in the name of 
Thomson-CSF. 

2. Description of the Prior Art 

It will be recalled in general terms that a device of 
this type has a photosensitive zone consisting of M lines 
each made up of N photosensitive points. The photosen- 
sitivc points of the different lines are connected in paral- 
lel to a memory by means of conductive columns. The 
signal charges collected on a line of photosensitive 
points and transferred to the columns are caused by the 
memory to undergo a periodic transfer from the col- 25 
umns to a read register. In addition, the parasitic 
charges which are present in tne columns before the 
signal charges of one of the lines arrive on the columns 
are periodically transferred by the memory to an evacu- 
ation drain. ^ 30 

Known types of line-transfer photosensitive devices 
have a light sensitivity which is not variable. However, 
for the different applications of these devices such as 
cameras available to the general public or in the field of 
robotics and the like, it is an advantage to have the 35 
possibility of using the equivalent of a diaphragm or, in 
other words, of modulating the sensitivity of the device 
as a function of the incident light 

It is known to modulate the sensitivity of pl^otosensi- 
tive devices in the solid state by varying their Integra- 40 
tion time. 

Up to the present time, however, the basic design 
concept of line-transfer devices having a hght sensitiv- 
ity which can be varied by modulating the integration 
time has given rise to problems and the present inven- 43 
tion provides the answer to these problems. 

SUMMARY OF THE INVENTION 
As hereinafter set forth in claim 1, this invention 
relates to a device for modulating the sensitivity of a 50 
line-transfer photosensitive device having a photosensi- 
tive zone made up of M lines of N photosensitive points. 
The photosensitive points of the different lines are con- 
nected in parallel by conductive columns to a meniory 
which has the function of transferring to a read register 55 
the signal charges of one and the same line and of trans- 
ferring to an evacuation drain the parasitic charges 
which are present in the columns prior to arrival of the 
signal charges. The distinctive feature of the modulat- 
ing device lies in the fact that it comprises first and 60 
second means having the following functions: 

the first means carry out a first reading of each line 
during the time interval which elapses when the 
charges derived from the columns are removed by the 
memory to the evacuation drain so that the charges 65 
resulting from the first reading operation are consc- 
quentiy removed to the drain at the same time as the 
parasitic charges; 



2 

after an adjustable time interval, the second means 
carry out a second reading of each line during the time 
interval which elapses when the charges derived from 
the columns are transferred by the memory into the 
read register so that the signal charges resulting from 
the second reading operation are oonsequentiy trans- 
ferred to the read register. 

The device in accordance with the invention offers a 
number of advantages. Of particular interest is the ad- 
vantage arising from the availability of electronic mod- 
ulation of sensitivity as compared with sensitivity mod- 
ulations involving the use of mechanical control sys- 
tems which actuate a diaphragm and are very cumber- 
some. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features of the invention will be more apparent 
upon consideration of the following description and 
accompanying drawings, wherein: 

FIG. 1 is a schematic diagram showing one embodi- 
ment of the device in accordance with the invention; 

FIGS. 2a to 2h and FIGS. 3a and 3b are waveform 
diagrams representing the drive signals employed in the 
device of FIG. 1. 

In the different figures, the same references designate 
the same elements but the dimensions and proportions 
of the various elements have not been observed for the 
sake of enhanced clarity. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a schematic representation of one embodi- 
ment of the device in accordance with the invention. 

In this figure, there is shown a photosensitive zone 1 
constituted by a matrix of M lines each made up of N 
photosensitive points P. This zone receives the light 
image to be scanned and converts the image to electric 
charges known as signal charges Q5. The photosensitive 
points of a given column are interconnected by one and 
the same conductive column. The conductive columns 
terminate in a memory 2. This memory comprises 
switching means which are represented schematically 
by switches I and conduct the charges which are pres- 
ent in the conductive columns either to an evacuation 
drain or to a read register 3. The memory therefore 
carries out periodic transfer to the read register of the 
signal charges Qs which arc collected on a line of pho- 
tosensitive points and transferred to the columns. In 
addition, the parasitic charges which arc present in the 
columns before the charge signals of one of the lines 
arrive in the columns and periodically transferred by 
the memory to an evacuation drain. 

In the prior art, the photosensitive points of any one 
line are connected to each other as well as to an address 
register which makes it possible to select the matrix line 
which is to be read. Provision can be made for two 
address registers, one register being used for addressing 
the even-numbered lines and the other register being 
used for addressing the odd-numbered lines. 

In the prior art, the integration time of the different 
lines is constant. The photosensitive points continuously 
integrate the charges created by the radiation to be 
scanned except during the few microseconds required 
in order to permit each line to deliver in turn the 
charges which it has integrated in the columns. 

The invention makes it possible to obtain a modula- 
tion of sensitivity of the photosensitive device by vary- 
ing the integration time of the photosensitive points. 
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The invention consists in performing in the case of enhancement-mode MOS transistors designated by the 

each line a first reading operation a nd a second readin g reference TMOS-1. These transistors TMOS are con- 

operation bet ween which an adjustable time interval J s nected on the one hand to one of the lines of the photo- 

allowed to elaps e^ Th e charges resulting from the firs t sensitive zone and on the other hand to a bias voltage, 

r eading operation are removed to the drain while th e 5 When this bias voltage is applied to the gates of the 

p arasitic charges and the signal charges resulting fro m MOS-phototransistors. it permits transfer of the charges 

t he second reading ope ration are transferred at the same stored by these points to the columns, that is to say the 

ti me to the read register . reading of one line. In FIG. 1, this voltage is the refer- 

The integration time of the different lines is consti^ ence voltage Vref of the device. The gate of the transis- 

tutcd by the time^int^d^vhich-elapses'between the 10 tors TMOS-1 is connected to one stage of the shift 

first^and:the:second reading'operati A variable inte- register Ri. The arrival of the drive pulse on a stage 

^grafion time is obtained by varying this time interval. initiates conduction of the transistor TMOS-1 which is 

As shown in FIG, 1, the device in accord ance with associated with this stage and initiates reading of the 

the invention therefore comprises fu: st me ans^ whereby corresponding line of the photosensitive zone which 

the first reading of each line takes place d uring the time 15 receives the bias voltage Vref. 

taken by the memory to^rcmo ye the ^ iarges.frogrU^ -j^e first means 4 of FIG. 1 comprise another series of 

colunms-to the-drmnJThe device further comprises depletion-mode MOS transistors designated by the ref- 

<r&econd,meansXwhcrcby, after an adjustable tmic mter- erence TMOS-TAC. These transistors are mounted as 

val, the second reading of each linejakesplace during emitter-followers between one line of the photosensi- 

the^ timc tak enby the memory tq3ra^xJhc^gM_20 ^^^^ and a bias voltage V^c which permits integra- 

from the.columns.mto:thej;ea^ of ^j^^ charges when this voltage is applied to the 

In the embodiment of the mvcntion shown m FIG. 1, MOS-phototransistors. 

the first and second means aforesaid comprise a shift departure of the drive pulse Ii>from a stage'hai> 

register havmg M stages which addresses the M hnes of of cutting-off the transistor TMOSa wHiSh is 

the photosensitive zone by means of tansistors. 25 ^^^^^^ this stage. At^thisJnstam; the corre- 

A dnve pulse is applied to the mput of each register transistor^TMOS-TAC applies the voltage 

and transferred penodjcally from one stage of the regis- ^ L^Iine^hich-iTaddressed by said stage, thus 

ter to the next. ModulaUon of U^^^^^^ m^si which ^r^^ -J^-an^nd the reading of charges of said line 

elapses between the first and ^^/^^.f^^^^^^^ aiTdSng the start of its integration period, 

tion IS achieved by varying the elapsed time mterval 30 . ^ x • j ^ -Lt. 

between injection of thTdrive pulse Land injection of , ^^p' nndt' 

the drive pulse 1^ into each register R, and R^. . ^^"^ ^' f the photosensUive zone. This voltage under- 

The shift registers R, and Rz of the means 4 and 5 are ^ "1°^ ^V^"? l^^'^ Vref during the line re- 

preferably shift registers formed by means of MOS ^um interva^ in which the dnve pulse Iz>is present on 

transistors and controlled by two phases L, and Lj. 35 ^'^''^^l' ^' ^' . , . t c 

The device in accordance with the invention wUl . }^ ^^^^ ^een earher that, m line-transfer photosen- 

now be described in detail in order to explain the opera- f '^e devices, there is a penodic recurrence of the two 

tion of the embodiment shown in FIG. 1, reference foUowing sequences: 

being made to FIGS. 2a to 2h and to HGS. 3a and 3b /[^^ sequence corresponding to transfer to memoiTj 
which represent the control signals of the device. It is 40 the parasitic charges which are^r^ent-inj^e^co - 
postulated in the foUowing description that the photo- u™^, pnor to arnval ofOie^si^ial^argei'^ the col- 
sensitive points are constituted by MOS-phototransis- umns; ^^^"^O^^C"^ _^ 
tors or by the association of MOS-phototransistors and ^ sw^ond^sequmce corresponding to ttansfer to mem- 
photodiodes and are formed on a P-type semiconductor ory of^he^ignal charges of one Ime which are present 
substrate. 45 in'thexolumns. 

In this embodiment, the shift registers Rj and R2 are the embodiment of FIG. 1, these two sequences 

controlled by the same addressing signals Li and L2 t^ke place during the Une return interval. The hne re- 

which are represented in FIGS. 2a and 2b. turn interval is composed of two penods as shown m 

The signals Lj and L2 are at the high level during one FIG- ii^mely a period R during which the first se- 

line return interval out of two. It is^ recalled that photo- 50 quencc takes place followed by a penod S dunng which 

sensitive devices are usually required to be compatible the second sequence takes place, 

with conventional television standards. In the case of The reading operation which is earned out on line h 

the 625-linc standard, an interval of approximately 52 its (as shown in FIG. 2g) whilst the drive pulse is present 

is available for display of a line and an interval of 12 ^ on the output d/ begins with the start of the line return 

is available for the line return. 55 interval during a period R. The charg^Jransfcrred 

The drive pulse I^and I^which is applied to the input from line I,' to the columns are thereforejemovoi to the 
of each register K\ and R2 is present on one of the out- memory and then to thejirainr:The'end of the line re- 
puts of these registers during each line return interval. turn interval marksjhe end of the first reading Li of the 

FIGS. 2c and 2d and FIGS. 2e and Vare represcnta- linel/and:the^^beginning of the integration period Tint of 

tions of the signals obtained at the outputs d/and d/+ 1 of 60 thisiine. 

the register Ri and at the outputs f/andf/+i of the regis- The outputs of the register R2 of the means 5 are 

ter R2. These outputs address two consecutive lines 1/ coimectedtothegatesof MOS transistors designated by 

and 1/+ 1 of the photosensitive zone. the reference TMOS-F. The transistors TMOS-F are 

The time interval which elapses between passages of connected on the one hand to a clock signal (f>f shown 

the drive pulse from one stage of a register to the next 65 in FIGS. 2h and 3^ which changes to the high level 

is equal to the time taken for processing one line. during the period S of the line return interval and on the 

In the embodiment of FIG. 1, the stages of the regis- other hand to the gates of another series of MOS transis- 

ter Ri of the first means 4 are connected to a series of tors designated by the reference TMOS-2. 
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A transistor TMOS-F is triggered into conduction 
when the drive pulse Iparri ves on the stage of the regis- 
ter to which said transistor is connected but remains in 
the conducting state only during the period S of the line 
return interval under the action of the signal <J>f 5 

Each transistor TMOS-F drives the gate of a transis- 
tor TMOS-2 which is connected to a line of the photo- 
sensitive zone and to the bias voltage Vref which per- 
mits reading of the points of one line. 

A transistor TMOS-F in the conducting state applies 10 
the bias voltage Vref to the corresponding line of the 
photosensitive zone via the transistor TMOS-2 and 
therefore initiates reading of said line. 

In FIG. 2g, it is apparent that the second reading L2 
of the line Intakes place during the period S of the line 15 
return interval while the pulse I/? is present on the out- 
put f/. The beginning of this second reading operation 
marks the end of the integration period of the line 1/. 

The second reading L2 of the line 1/ takes place^during^ 
the period S of the line returnjntcrvajr^with the result 20 
that the chargesHtransferred-from'tfieline 1/ to the col- 
umnT^e'sent to the read register 3 via the memory. 

The integration time of the lines of the photo(^itive=? 
zone is therefore varied by modulatmgithelime'interval 
which elapses between^he^arnval of a drive pulse on 25 
the outputsjd/and'f/ of the two registers which address 
the;Sfflne'line 1/ of the photosensitive zone. 
"^During each line return interval, there is therefore 
carried out in the method according to the invention 
first of all the first reading Li of a line \i+„ for example, 30 
during the period R, and then the second reading L2 of 
a line I/for example, during the period S. 

The invention makes it possible to vary the integra- 
tion time to a considerable extent The readings Li and 
L2 of a line 1/ can be performed during two consecutive 35 
line return intervals. In this case the integration period 
is 64 )xs in the 625-line standard. The integration period 
can vary up to about (M — 1).64 /is, where M is the 
number of lines of the photosensitive zone. 

The embodiment of FIG. 1 can readily be adapted to 40 
line-transfer devices in which the two sequences of 
removal of the parasitic charges and of reading of the 
signal charges do not take place during the line return 
interval. It is only necessary to modify thd drive signals. 

The method in accordance with the invention is ap- 45 
piicable in the same mannesr when the photosensitive 
points consist of photodiodcs. The only difference in the 
case of photodiodes is that the voltages Vref and Vac 
are not applied to the MOS-phototransistors but to 
gates which control the transfer between the photodi- 50 
odes and the columns and which are not exposed to the 
radiation. When the photodiodes are fabricated on a 
P-type substrate, the voltage Vref which- is applied to 
the gates and initiates reading of the. photodiodes is 
higher than the voltage Vac which is applied to the 55 
gates and permits integration of the charges. 

It will clearly be understood that the invention is 
readily applicable to photosensitive points formed on an 
N-type substrate. 

What is claimed is: 60 

1. A device for modulating the sensitivity of a line- 
transfer photosensitive device having a photosensitive 
zone constituted by M lines of N photosensitive points, 
the photosensitive points of the different lines being 
connected in parallel by conductive columns to a mem- 65 
ory which has the function of transferring signal 
charges coming from a line of photosensitive points to a 
read register and of transferring to an evacuation drain 



parasitic charges which are present in the columns prior 
to arrival of the signal charges, wherein said device 
comprises first and second means having the following 
functions: 

the first means carry out a first reading operation of 
each line when the parasitic charges derived from 
the columns are transferred from the memory to 
the evacuation drain so that charges resulting from 
the first reading operation are consequently re- 
moved to the drain at the same time as said para- 
sitic charges; 

after an adjustable time interval, the second means 
carry out a second reading operation of each line 
when signal charges derived from the columns are 
transferred from the memory into the read register 
so that said signal charges resulting from the sec- 
ond reading operation are consequently transferred 
to the read register and wherein the first and the 
second means comprise a first and a second shift 
registers, with M stages, said shift registers being 
controlled by the same addressing signals, in which 
said M stages address the M lines of the photosensi- 
tive zone via transistors, a drive pulse being applied 
to the input of each register and said drive pulse 
being transferred periodically from one stage to the 
next and wherein modulation of the time interval 
which elapsed between the first and the second 
reading of the same line is obtained by varying the 
time interval which elapses between injection of 
said drive pulse into each register. 

2. A device according to claim 1 wherein the first 
means comprise two series of M transistors of the MOS 
type; each MOS transistor having a drain, a source and 
a gate; 

the transistors of one of the series are enhancement- 
mode MOS transistors connected by their drain 
and their source to one line of the photosensitive 
zone and to a bias voltage which permits transfer of 
charges from the photosensitive points to the col- 
umns, the gates of said transistors being connected 
to one stage of the shift register, the arrival of a 
pulse in a stage providing reading of the line ad- 
dressed by said stage; 

the transistors of the other series are depletion-mode 
MOS transistors mounted as emitter-followers, said 
transistors being connected by their drain and their 
source to one line of the photosensitive zone and to 
a bias voltage which permits integration of the 
charges in the photosensitive points, the departure 
of a pulse from one stage initiating the integration 
period of the line which is addressed by said stage. 

3. A device according to claim 1 wherein the second 
means aforesaid comprise a first and a second series of 
M enhancement-mode MOS transistors, each MOS 
transistor having a drain, a source and a gate: 

the transistors of a first series arc connected by their 
drain and their source to one line of the photosensi- 
tive zone and to a bias voltage which permits trans- 
fer of the charges of the photosensitive points to 
the columns, the gates of said transistors being 
connected to a transistor of the other series; 

the transistors of a second series are connected by 
their drain and their source to a clock signal which 
indicates the time interval during which the 
charges derived from the columns are transferred 
into the read register by the memory and to the 
gates of transistors of the first series, the gates of 
said transistors of the second series being each 
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connected to one stage of the shift register of the 
second means, each transistor of the second series 
which is connected to one stage being triggered 
into conduction by the arrival of a pulse on its stage 
when the charges derived from the columns arc 5 
transferred, from the memory into the read register 
the conduction of said transistor initiating conduc- 
tion of the corresponding transistor of the first 
series and therefore reading of one line of the pho- 
tosensitive zone. 10 
4. A device according to claim 2, wherein the second 
means comprise a first and a second series of M en- 
hancement-mode MOS transistors, each MOS transistor 
having a drain, a source and a gate: 
the transistors of a first series are connected by their 15 
drains and their sources to one line of the photosen- 
sitive zone and to a bias voltage which permits 
transfer of charges from the photosensitive points 
to the columns, the gates of said transistors being 
connected to one transistor of the other series; 20 
the transistors of a second scries arc connected by 
their drain and their source to a clock signal which 
indicates the time interval during which the 



8 

charges derived from the columns are transferred 
into the read register by the memory and to the 
gates of transistors of the first series, the gates of 
said transistors of the second series being con- 
nected to one stage of the shift register of the sec- 
ond means, the transistor of the second series 
which is connected to a given stage being triggered 
into conduction by the arrival of a pulse on the 
stage aforesaid when the charges derived from the 
columns are transferred from the memory into the 
read register the conduction of said transistor initi- 
ating conduction of the corresponding transistor of 
the first series and therefore reading of one line of 
the photosensitive zone. 

5. A device according to claim 1, wherein the shift 
registers aforesaid are constituted by MOS transistors. 

6. A device according 4o claim 2, wherein the shift 
registers aforesaid are constituted by MOS transistors. 

7. A device according to claim 3, wherein the shift 
registers aforesaid are constituted by MOS transistors. 

8. A device according to claim 4, wherein the shift 
registers aforesaid are constituted by MOS transistors. 

***** 
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